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CHILDREN'S MIZORY FOR BETWEEN-SENTENCE AND WITHIN-SENTENCE RELATIONS
Wendy J. Harris and William D. Rohwer, Jr.

University of California, Berkeley

Research in language and memory has frequentiy addressed the issue of
how sentences are understood and remembered. One approach to the issue,
the constructive view (e.g., Barclay, 1973; Barclay & Reid, 1974; Bransford,
Barclay, &.FrankS, 1972; Bransford & Franks, 1971; Johnson, Bransford, &
Solomon, 1973), assumes that during storage subjects use the inf.: mation
in sentences to construct semantic descriptions of situations, objects,
events, and the like. These descriptions consist not only of information
extracted from the sentences, bu: also of the information produced as
subjects assimilate the/;entences to their prior knowlcdgg. Thus, the
product of these constructive storage operations is an indivisible compound
of inferred information as well as information explicitly stated in the
original sentences. If subjects habitually store information in this
manner, subsequently they should be unable to distinguish between explicitly
presented information (premises) and information constructed from it
(inferences). Still, subjects should be able accurately to distinguish
between information congruent and incongruent with whaF was presented,
whether in premise or inference form.

These predictions were tested in a study by Bransford, Barclay and
Franks- (1972), who presenteh adult subjects with sets of three sentences
describing spatial relationships among objects. 1In a forced choice recogni-
tion task, subjects werc then asked to select from among a set of four
alternative test sontences which they had actually heard.  The four
sentence choices were cither valid or invalid premises or inferences.

Subjccts were expected to select valid jnferences as frequently as valid
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premises and to select both types of valid sentences more frequently than
either of the invalid.types. Consistent with a cons*ructive view of

sentence memory, these predictions were substantiated for test sentences

haviné either avverbat;m‘or a paraphrase relationship to the study sentence s.
Two studies have extended the eonstructive model to children of agé
seven to eleven years. In a task similar to that used by Bransford, Barclay,
and Franks (1972),Paris and Carter (1973) concluded that, like adults, second

. A and fifth-grade éhildren spontaneously integrate semantic information by

- constructing between-sentence relations during storage. 1In a true false
, . .

“

recognition test, children of both age groups accepted valid inferences

»

about as often as they accepted valid premise statements, and accepted both

rd

- at a substantially higher rate than that for invalid sentences, fhis
result was ,replicated and extended to pictorial stimuli by Paris and
) Mahoney (1974). '

The finding that children appear unable to distinguish between valid

inferences and explicitly presented premises is consistent with the'cpnxen— a
tion that they, as well as adults, spontaneously construct between-sentence

v

relations. However, before accepting this conclusion, several methodological
issues.raised’by previous studies must be resolved. The present study was

+ designed to address thes® issues.

First, in the two studies reported by Paris and his colleagues, subjects

were inséructed to remember the study sentences, and prior to presentation
of the test sentences, they were told to accept a sentence if it werevexactix
the same as one.of the sentences presented for acquisition. Such instructions
emphasize surféce linguistic forms of sentences. Thus, it may be important
that in these and other studiecs (c.g., Bransford, Barclay, & Franks, 1972;
N

Johnson, Bransford, & Solomon, 1973) the invalid test sentences all contalned

a word not presented in the original study sentcnces. 1t is conceivable
Q
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that subjects rejected invalid test sentences, not because of constructed
semantic information, but because the sentences contained novel words. Since
children wege given instructions to pay attention to sentence form, rather

. than to meaning, there is the possibility that rejections were based upon
memory for surface rather than semantic information. In support of this
possibiligy, Paris and Mahoney (1974) found that when test sentences were
paraphrases of the original study sentences, children were unable to
discriminate between valid and invalid premise or inference sentences.
Adults, on thé other hand, were able to discriminate reliably among such
paraphrase test sentences (Bransford, Barclay, & Franks, 1972). Thus, in
the present experiment, test-sentence form (verbatiﬁ or paraphrase) was
manipulated in conjunciion with insFructions (form or meaning) to determine
which of the test-sentence features is functional in discrimination
performance. Novel wor&é were introduced in test sentences only in the
paraphrase conditions, and they appeared consistently for all types of
sentences in that condition.

A second potential problem in the Paris studies is that the four types
of test sentences derived from a single acquisition story were presented
contiguously in the recognition list. This same format was used in the
Bransford,'Barclay, and Franks experiment except that the method was forced
cheice instead of a recognition task. Because thesa sets of four sentences
contained dependent information, it is possible that a subject's response
to one sentence may have resulted from his response to the others or by
information available in them. Thus, in the present experiment, the design
of the recognition list was varied to see if performance is affected by

such test sentence dependencies.
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Finally, the results of the experiments with children are specific to
relationships which were spatial in nafure. To determine the generality
of the experimental effects pertaining t9 con;tructive memory, sentenée
relationships ir the present study were sampled from a wider variety of
types. '

To summarize, the present experiment was designed to determine the
validity and generality of the claim that chfldren naturally construct
between-sentence and within-sentence relations. According to a constructive
memory model, such subjects should be able to discriminate valid from
invalid sentences, whether inferences or premises. To assess this predic—

tion, memory for sentence information was investigated as a function of

instructions, test sentence form, recognition list design, and type of

'
1

sentence relationships.

Subjects

A sample of 144 whiéé, fifth-grade students were used in the study.
Subjects were randomly selected from classrooms serving a high socioeconomic
status residential area.

Materials
Twelve short stories were constructed for study materials. Half of

these stories described spatial relationships among objects, and half of

.these stories described relationships of a more general nature (comparatives,

‘for instance). An example of the latter type is:

Trains are heavier than cars. Cr»s remain upright in the wind.
Trces are taller than bushes. Bushes provide shelter from the rain.,

Paraphrase versions of each of the stories were also constructed, e.g.,:

Trains weigh more than cars. Cars stay right side up in the wind.
Trees are higher than bushes. Bushes give protection from the rain.
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Four types of test sentences were formed from each story, e.g.:

Valid premise - Trains are heavier than cars.

Invalid premise - Trains are taller than cars.

Valid inference - Trains rem:in upright in* the wind.

Invalid inference - Trains provide shelter from the wind.

Several comments can be made concerning these materials. First, the
test sentences fgrmed from any story were in a verbatim relationship to
one form of that story and a paraphrase relationship to the éther form of
that‘story; thus, test sentence form was varied. The two forms of the
méférials wére counterbalanced, so that within each experimental group,,
half the subjects received one form for study while the other subjects
received the other forn;

Another feature of the materials is that since there were two concepts
developed in each siory, it waé/possible to falsify a‘statement by substitut-
ing a relationship from the opposite concept in the story (e.g., ''taller"
for "heavier"). So in the'verbatim conditions, all of the words in the
test sentences were drawn from the study materials. In addition, since
the sentences were readered invalid by substituting an opposite relatiomship,
;nd since all test sentences were equally plausible in a pragmatic sense,
subjects would have had to encode the original sentcnce meanings in order
to make correct rejections.

Two recognition list designs were used. In each list, the four test
sentence types were equally represented. The Within-stories design essentially
replicated that used in the previous studies. 1In this design, the test .ist
contained 32 sentences, and the four types of test sentences were selected
from each of eight stories, so that there was dependent information on the

list. The four stories not represented in a list were counterbalanced

over subjects.
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The Between-stories list design consisted of a l6-sentence test list,
where at most two (non-dependent) premise statements were taken from a
single story, and where all stories were represented in a single test list.
One aspect of this design is that ail possible sentences from all Sébries
can be represented over a group of 12 subjects.

Proceduré

Subjects were randomly assigned to experimental conditions and®tested
individually. A subject was told to listen very carefully to a group of
short stories, because afterwards, he would be asked questions about what
he had heard. A sample story was read, and the appropriate instructions
were given for recognition sentences. Subjects in the Form instructions

group were told to answer "yes" if the sentence they heard wcs exactl
y y exactly

the same as one of the ones they had heard in the story, and "no" if it

was not exactly the same. Subjects in the Meaning instructions group were
told to answer "yes" if the test sentence had the -ame meaning as what

they had heard in the story. A valid and an invalid premise test sentence
were given for practice, presented in either verbatim oc paraphrase rela-
tionship to the story, depending on the appropriate experimental condition.
Responses to these practice sentences were then corrected, if necessary.
When it was clear to the experimenter that the subject understood the
directions, the 12 stories were presented via a portable Sony tape recorder
at a normal speaking rate. Stories were identified by number on the tape.
After a one-minute retention interval, during which the subject was reminded
of his instructions, the list of test sentences was read. For each
sentence, the subject orally responded yes or no, and then rated his
confidence on a 3-point scale (very sure, kind of sure, not very sure).

All answers were recorded by the experimenter.




Design

The entire expceriment can be conceived as two separate studies follow-
ing two different rccognition list designs. To insure an equal number of
observations for each type of recognition sentence, 48 Ss comprised
the Within-stories design, and 96 Ss comprised the Between-stories design.

Within each of these list designs, the two between—-subjects factors were

Instructionf (form or meaning) and Sentence Form (verbatim or paraphrase).\
The two within-subjects factors were Information type (premises or inferences)
and Relations (spatial or general).

: ‘ RESULTS

Two dependent variables were used to‘assess discrimination of valid

premises and inferences among the different experimental groups. One was
the difference between proportion of valid sentences accepted and invalid
sentences accepted (disgrimination) and the second was the proportion of \
éentences accepted. Results are reported separately for each of these

dependent variables. /

Discrimination

The discrimination variable, a bias-free performance measure, was used
to assess the effects of the factors of Imstructions and Sentence Form, as
well as to compare memory for premises and inferences within each of the

experimental groups.

— o e ew mr em wm = e me e e ==

Table 1 presents the results of premise and inference discrimination

for spatial and general relations as a function of List Deslgn, Instructioms,

ERIC 8
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and Sentence Form. Discrimination of ecach type of test sentence (spatial

and general premises and inferences) and discrimination of total premises and
inferences for the two list designs were all analysed in a series of two-way
analyses of variance, with Instructions and Sentence Form as the factors.
Amongz all of these analfses, there were only two significant effects. One
was a main effect for Instructions on general premises in the Within-
“stories design (F = 5.48, df = 1/44, p <.05), for which discrimination

was better wvhen subjects were given the Meaning instructions. The other

effect occurred for Sentence Form on total inferences in the Between-

stories design (F = 4.44, df = 1/92, p < .05). The means in Table 1 indicate

that inference discrimination was much worse for paraphrase than for
verbatim test sentences whereas premise discrimination was not affected

by the difference in sentence form (F < 1). 1In general, no c&nsistent
effects of the Instructions and Sentence Form factors were found for the
different types of test sentencgs, and discrimination of the test sentences
varied considerably over the four experimental conditions. ;
The discrimination measures in Table 1 also provide a way to evaluate

the predictions of a constructive model of sentence memory in children

within and across the experimental conditions. According to such a model,

discrimination of valid inferences should be about as high as discrimination
of valid premises, since both types of sentences contain information
semantically congruent with the acquisition story. Secondly, discrimination
of both types of information should differ reliably from a chance level (zero).
Looking first at whether discrimination was equivalent for the premises
and infcrences, the mean scores show that with only two exceptions, premise

discrimination was substantially higher than inference discrimination. One
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of the exceptions was in the Mcaning-Verbatim group in the Within—stories
design, where discrimination betwecn valid and invalid inferences was
greater than discrimination between valid and invalid premises. This was
consisten. for both types of relations. The other exception was for spatial
relations in the Form-Paraphrase group in the same design. Here, inference
and premise discrimination were equivalent, but neither was s{gnificantly
different from zero.

B The me;ns in Table 1 which differ significantly from a chance level

(p <.05) are 1ndiéated with an astefisk. The results vary considerably
between the two designs. For all items together in the Between-stories
design, only in the Form-Verbatim group was inference as well as*ﬁremise

discrimination s'gnificantly different from zero, but the significant

effect of inference discrimination was specific to the spatial items. 1In

' the other three groups, subjects were able reliably to discriminate valid

premises, but not valid inferences.

In the Within-stories design, results from all items together indicate
that in all but one group (the Meaning-Verbatim group), inference and
premise discrimination were both significantly different from zero. Although
the results of the Within-stories design indicated that premise discrimination
was still generally better than inference discrimination, because of the
result that in one of the groups fhis trend was reversed, and because of the
1ikelihood that dependenciés among sentences affected results in the Within-
storie& design, this design does not appear promising as a way to assess
memory for within-sentence and between-sentence relations.

Finally, to determine how performance differed as a function of confidence
assigned to a response, discrimination at the three levels of confidence

was computed. This discrimination measure rarely exceeded chance at either

10
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medium or low levels of confidence, and resultc of discrimination at high

confidence generally paralleled results when~confidence was ignored.

Proportion of Test Sentences Accepted

- T; make a direct comparison between the results of the present study
and those obtained by Paris and his colleagues, performance was indexed
in terms of the proportion of each type of test sentence accep;ed. Unlike
the discrimination measure, this index allows a comparison of performance

on valid and invalid test sentences. In Tabie 2, the proportions of premise

and inference test sentences accepted are presented for the Form-Verbatim
group as a function of List Design and Relations. The Form instructions
and the Verbatim test sentences received by 'this group approximated the
experimental conditions. in the Paris and %arter (1973) study. \

Comparing performance on the valid p;emise and inference ‘test sentences,
Paris and Caxter found that subjects tended to accept almost as many
inférence statements as premises (difference between the two proportions
was about .17), even though the inferences might have been rejected more
frequently since they were never exactly the same as any sentences in the
stories. The data in Table 2 indicate that the difference between valid
premises and inferences accepted in the present study was consistently greater
than the difference obtained by Paris and Carter, Feaching a maximum for
the general items in the Between-stories design (;6]).

| DISCUSSION

The results of this study provide little evidence that children.

spontaneously integrate semantic information across sentences. The fifth-

11
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grade subjects were unable consistently to discriminatce between val;d and
invalid inferences, as they-could do with premises. Such e ‘result is
inconsgistent with results reparted by Paris and Carter (1973), and suggests
that outcomes of previous studies' are a function of a specific methodology,
since the effects are not replicaﬁle over a-variety of experimental conditions.

Another result which is inconsistent with a constructive view of

P2 '

sentence memotry in children was that discrimination of inferences was

N

significantly worse when the inference test sentences were paraphrased

from the stories, while premise discrimination remained the same. This
result is congruent with those obtained by Paris and Mahoney (1974), and
viewed together, these two studies imply that children are not able

consistently to construct between-sentence relations, and thus do not™behave s
. ]
/ ! /

/

-

on this task in accord with the predictions of a constructivé model of
sentence memory. With reference to between-sentence relations, the only
evidence in the present study that memory processes in children are
characteristically constructive comes from the Within-stories groups and
the Form-verbatim group in the Be£ween—stories design. However, discrimina-
tion for inferences in the latter group was still! below that for premises.
The successful discrimination of inferences in the Within-stories list
/ v
design can conccivably be accounted for by the dependencies among thé'four

N
types of test sentences all drawn from the same story. For one thing, on

the test list, subjects were presented with sufficient information from the

premise statementT to correctly accept or reject the inference sentences,
if the inference sentences appeared on the list after the premises. This
could obviously hgze happened for only some of the stories, because

sentences from stories were‘randomly ordered. For another thing, a valid

inference and an invalid inference were presented from the same story, -nd

a subject might thus realize that one of them should be accepted, and one

12
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should be rejected. In general, both the inconsistent results and the
interitem dependencies inherent in this design suggest that it has little,
if any, future utility.
Another methodological recommendation for future research concer..

the manner in which recognition sentences are rendered invalid. In previous
studies, the invalid premise test sentences Qere rarely accepted as having

. been seen before (the proportion of false alarms by fitth-grade subjects
in the Paris and Carter study was .10), whi . preseat study, the
false alarm rate was substantially higher (about .45 for both list designs).
Paris and Carter assumed that subjects rejected invalid sentences_for
semantic reasons, that is, because the sentence information was incongruent
with what they had heard before.: However, such rejections may have been
based upon lexical cues, since sentences weve rendered invalid by replacing
original prepositions with ones the subjects had not seen before. Such
novel words could have been used as cues to reject the test senternces,
especially since Form instructions were given. By contrast, in the present
study, none of the test sentences in the Verbatim conditions contained novel
words, since invglid sentences were formed by substituting a different, but
familiar relationship, and the false alarm rate was substantially higher.
The major implication is that to assess the information subjects have
encoded semantically, the test materials should net permit discrimination based
solely on lexical cues. Katz (1974) has offered a similar argument for

extending the results of Bransford and Franks' (1971) experiment to a Mean-

ing instructions condition.

The finding that discrimination of valid and invalid spatial inferences

\\
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was better than discrimination of the general inferences calls for
explanation. One hypothesis is that subjects were using an imagery strategy
approp{iate for the spatial but not the general items. For a& least two
reasons, however, this hypothesis seems implausible. First, children of
\i4 age do not customirily use such a strategy withouat having been
instructed to do so (e.g., 'Rohwer, 1973). Second, subjective reports
from several of the subjects indicated that few of them trigd to imagine
the relative locations of the items to be learned, and those who did so
did not do it consistently. A more likely interpretation h;s to do with
the p;obability that an inference containing spatial relationships can
actually be fogmed. That is, if a subject is told that A is to the left
of B, and that B is asbove C, making the inference that A is also above C
follows logically from the premises. The same cannot be said of the more
general relationship items where in order to make the appropriate
inference, a subject must have available certain implicit assumptions ébout
ghe state of the world. Thus, as children get oldef, and their knowledge
about the world increages, they should be more likely to make such

inferences An appropriate developmental design could be used to assess

this interpretation.
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Table 2
Proporticen of Test Scentences Accepted for the Form-Vorbatinm

Group as & Function of Liot Dosign, and Relations

Within-Stories Design Between-Stories Design

Informatiqg

Type Spatial General Total Spatial General Total

Valid Premise .67 .92 .73 .92 .82
Invalid Premise I .38 ‘ A YA A
Valid Inference .50 42 .31 .36

Invalid Inference .29 .21 .23 .22




